Lysimeters are basic instruments for evapotranspiration measurement. This study characterized the actual evapotranspiration of unirrigated and unfertilized grass in a warm region of the Czech Republic on a Chernozem loamy soil. An SFL-300 weighing lysimeter (diameter 0.3 m, depth 0.3 m) was used for this purpose. The suction at its bottom was maintained at the same level as in the native soil nearby. We selected 585 rainless days with regular records for the analysis of daily differences. On most days, the lysimeter-measured actual evapotranspiration, ET a , was smaller than the Penman-Monteith FAO 56 reference crop evapotranspiration, ET 0 . The FAO 56 procedure was found to be a reasonable estimator of the unstressed evapotranspiration in a moderately stressed environment. The ET a /ET 0 ratio and the canopy surface resistance, r s , depend on the soil water content and suction measured at 5 cm. These graphs break down into horizontal unstressed parts and declining (for ET a /ET 0 ) or inclining (for r s ) water-stressed parts. The ratio ET a /ET 0 is about 85% and r s is about 250 s m −1 when the grass is not under water stress. The annual curve of the unstressed crop coefficient has a sine shape. An energy balance criterion suggests that advection of heat is important in winter but not so much in summer. The study provides parameters of evapotranspiration for a canopy that can be found on many standard weather stations and demonstrates that high-quality research into evapotranspiration of low, dense, and shallow-rooting crops is possible with small lysimeters of this type.
Lysimeters are basic instruments for evapotranspiration measurement. This study characterized the actual evapotranspiration of unirrigated and unfertilized grass in a warm region of the Czech Republic on a Chernozem loamy soil. An SFL-300 weighing lysimeter (diameter 0.3 m, depth 0.3 m) was used for this purpose. The suction at its bottom was maintained at the same level as in the native soil nearby. We selected 585 rainless days with regular records for the analysis of daily differences. On most days, the lysimeter-measured actual evapotranspiration, ET a , was smaller than the Penman-Monteith FAO 56 reference crop evapotranspiration, ET 0 . The FAO 56 procedure was found to be a reasonable estimator of the unstressed evapotranspiration in a moderately stressed environment. The ET a /ET 0 ratio and the canopy surface resistance, r s , depend on the soil water content and suction measured at 5 cm. These graphs break down into horizontal unstressed parts and declining (for ET a /ET 0 ) or inclining (for r s ) water-stressed parts. The ratio ET a /ET 0 is about 85% and r s is about 250 s m −1 when the grass is not under water stress. The annual curve of the unstressed crop coefficient has a sine shape. An energy balance criterion suggests that advection of heat is important in winter but not so much in summer. The study provides parameters of evapotranspiration for a canopy that can be found on many standard weather stations and demonstrates that high-quality research into evapotranspiration of low, dense, and shallow-rooting crops is possible with small lysimeters of this type.
Abbreviations: ASCE, American Society of Civil Engineers; DOY, day of the year; ET, evapotranspiration; ET a , actual evapotranspiration; ET 0 , reference crop evapotranspiration; LYW, lysimeter weight (actually mass); SFL, smart field lysimeter; SWW, percolate collecting bottle mass.
Evapotranspiration is a basic component of the natural water cycle and water balance. Its quantification is therefore of utmost importance for many branches of water management. The potential evapotranspiration, representing the climatic "demand" for water (Hillel, 1998; Irmak and Haman, 2003; Verstraeten et al., 2008) has long ago been recognized as a suitable benchmark to which other types of evaporation in nature can be related. The FAO 24 (Doorenbos and Pruitt 1977) and then the FAO 56 (Allen et al., 1998) and American Society of Civil Engineers (ASCE) (Jensen and Allen, 2016) methodologies offered a concept of the reference crop evapotranspiration, ET 0 , corresponding to the actual evapotranspiration of a standard, dense, and extensive herbal stand sufficiently supplied with soil water (and thus its potential evapotranspiration). The FAO 56 reference low crop is grass, assumed to be 0.12 m high, having a shortwave albedo of 0.23 and surface resistance of 70 s m −1 . Up to now, one of the widely used way of estimating ET 0 has been the one based on the Penman combination concept resulting in the PenmanMonteith evaporation equation (cf. Allen et al., 1998 ; for reviews, see for example Rana and Katerji [2000] and Allen et al. [2011] ). Allen et al. (1998) introduced simplifications of the Penman-Monteith equation that allowed its universal use and derivation of the crop coefficient; however, there are some limitations. It is known (e.g., Yin et al., 2008) that the FAO 56 procedure underestimates the net outgoing longwave radiation for the sites that are drier than the ideal reference crop, which is our case also. A weak point of the FAO 56 reference grass concept, not yet generally recognized, lies in the fact that it is neither easy nor common (and frequently not desirable) to maintain the grass stand on
Core Ideas
• Small smart lysimeters make highquality research of low and dense crops easy.
• FAO 56 can estimate well the reference crop ET on non-or mildly stressed sites.
• Weather station grass (not water stressed) has lower ET than the reference crop.
a weather station in a state close to the hypothetical ideal of the stress-free reference crop. If the station and the surrounding landscape are drier than the hypothetical reference, then their surface energy balance will be shifted in favor of the hot-surface outgoing balance components-namely the net outgoing longwave radiation, the sensible heat flux, and the soil heat flux-at the expense of the wet-surface outgoing balance component-the latent heat flux. A practical problem that immediately arises in this context is how to estimate the reference crop evapotranspiration from the weather data measured under non-reference (drier) conditions. Some researchers have suggested that other evapotranspiration equations, based on the solar or net radiation only, should be more adequate than the FAO 56 Penman-Monteith equation.
The lysimeters, understood here as blocks of soil covered by vegetation and placed back into the soil with their surface exposed to the atmosphere, are basic instruments for measuring evapotranspiration. In principle, the water balance of such a block is to be determined. If evapotranspiration is the only unknown component, it can be calculated from the balance equation. There is a large variety of lysimeter types in terms of size, bottom boundary conditions, instrumentation, and other design parameters. Correspondingly, their various types have different advantages and drawbacks. This study used the so-called "smart field lysimeter," a small and versatile instrument of the size of a representative elementary soil volume, not requiring large and costly supporting structures. The bottom boundary condition of such a lysimeter is automatically maintained at the same level as that prevailing in the surrounding soil at the same depth, typically in terms of the variable soil water suction. The changes in the mass of the lysimeter and perhaps also the mass of the bottom percolate are automatically recorded. In addition to this, smart field lysimeters are typically equipped with sensors to measure the soil water status in the lysimeter and in the native soil nearby. Large modern lysimeters possess many features that they have in common with the small smart field lysimeters except that the spatial structure of the former, especially the vertical layering of the soil profile, is more complicated, often comprising a temporary or permanent groundwater table.
The smart field lysimeters can be used for several different purposes that can be characterized by different time scales of processes in the soil and uninterrupted or interrupted observations. If the purpose is to provide typical characteristics of the evapotranspiration response of a particular crop or canopy to the conditions of a particular climate, soil, and other site factors, then the measurement period should be long (a few years at least) but need not be uninterrupted.
Not many studies published up to now have been associated with small lysimeters. Parisi et al. (2009) compared the reference crop evapotranspiration computed by the Penman-Monteith equation with the daily actual evapotranspiration measured with four mini-lysimeters, each with a 0.25-m 2 horizontal area and mass between 40 and 120 kg. The data were recorded every minute. The results of both methods were close to each other except that the lysimeter values were slightly smaller than the ET 0 . The most significant differences were observed during hot summer days and attributed to the small dimensions of the lysimeters and the disruption between the soil and the lysimeter border. Similar differences were also observed by Zenker (2003, as cited in Šťastná and Stenitzer, 2005) , who attributed them to the "oasis effect," i.e., advection. The oasis effect is understood as different soil water availability of the lysimeter compared with the surroundings, such as a dry uncropped collar of the lysimeter as part of the lysimeter vegetation. It can cause differences in thermal, wind, and radiation regimes . Wegehenkel and Gerke (2013) compared the actual evapotranspiration measured for a period of 3 yr with eight grass-covered larger weighing lysimeters (1 m 2 in area and 1.5 m deep, four with undisturbed sandy soil columns and the other four with undisturbed silty-clay soil monoliths) with actual evapotranspiration simulated by the WOFOST 6.0 model (Supit et al., 1994) . In some cases the measured actual evapotranspiration was higher than the simulated potential evapotranspiration. This was also attributed to the oasis effect. Gebler et al. (2013) compared the data from six lysimeters (1 m 2 in area and 1.5 m deep) with the FAO 56 Penman-Monteith method. For a 1-mo period of measurement (May 2012), it appeared that the lysimetermeasured actual evapotranspiration was higher than the reference crop evapotranspiration. This was explained by the grass length being higher than 12 cm (the height of the hypothetical reference crop according to FAO 56). Gebler et al. (2015) described similar results for a 1-yr period.
Much attention has been paid to the mechanical noise of the measured lysimeter data and its smoothing. Hannes et al. (2015) presented a filtering scheme for error removal from weighing lysimeter data. Peters et al. (2014) suggested a filter routine that is appropriate for any event, ranging from smooth evaporation to strong wind and heavy precipitation. Schrader et al. (2013) used simulated data and real measured data from three lysimeters (1-m 2 area and 1-m depth) in Austria and Germany (operated within the TERENOSoilCan network) to develop a standard procedure for evaluating lysimeter measurements. They do not recommend using the actual lysimeter data for testing the methods and rather prefer a validation strategy with synthetic data. However, they concluded that it is difficult to find the most adequate filter, as well as the length of the moving window, to avoid underestimation of ET or loss of temporal resolution.
The methods used in this study for data processing and evaluation are not totally new but contain nonetheless some innovative elements. The instrument used (an SFL, smart field lysimeter) takes space and is less cost intensive and easier to install and maintain than typical large lysimeters (>1 m 2 ). As far as we know, this is one of the first studies in which any applicable results from an SFL, beyond the judging of its usefulness and accuracy, have been presented. Our first experience with the SFL was presented by Doležal et al. (2015b) . The subject of study (the weather-station grass) has probably not been studied yet as deeply as its broad spread would deserve. The all-winter measurements and their results can also be regarded as innovative.
The main objectives of this study were: (i) to briefly present the performances of the smart field lysimeter; (ii) to present the relationships between measured ET a and calculated reference crop evapotranspiration ET 0 under actual experimental conditions and verify the correctness of the measured ET a , and (iii) to demonstrate that with this small lysimeter it is possible to deduce corrections to the FAO56 ET 0 formulation when measurements are performed in nonideal reference grass fields. In addition, the estimation of ET 0 was evaluated by other equations that rely solely on the radiation and temperature data.
Materials and Methods

Site Description
The field research was conducted in Prague-Suchdol (50°8¢ N, 14°23¢ E, 286 m asl) under a moderately warm and moderately dry climate. Average annual temperature and precipitation are 9.1°C and 495 mm, respectively (Černý et al., 2012) . According to Němeček (personal communication, 2009 ), the soil is an Udic Haplustoll (Soil Survey Staff, 1999) or haplic Chernozem (IUSS Working Group WRB, 2006) of loamy texture on an aeolic loessial substrate with a boundary between the A and C horizons at about 35 cm. The layer between about 15 to 25 cm of depth is perceptibly more compacted than the rest of the profile. The fine earth contains 22 to 33% sand (0.05-2.00 mm), 40 to 54% silt (0.002-0.05 mm), and 22 to 28% clay (<0.002 mm). The topsoil contains about 2.5% (dry-matter basis) total organic C (Nedvěd et al., 2008) and 7.8% CaCO 3 (Brodský et al., 2011) . No permanent saturated zone exists in the soil profile down to at least a few meters. The soil has some capacity to swell and shrink. During dry spells, cracks about 1 to 3 mm wide appear at the surface 15 to 20 cm apart. The structure is granular in the A horizon and subpolyhedric in the loessial C horizon. At the higher level of organization, the structure is prismatic. Biopores are frequent. The saturated hydraulic conductivity (100-cm 3 cores) varies roughly between 6 ´ 10 −4 and 4 ´ 10 −1 cm min −1 . The total porosity varies between 40% (v/v) (plow sole) and 54% (v/v) (topsoil), with a mean value of 45.7% (v/v) (0-100 cm). The field capacity varies between 30 and 35% (v/v) (Doležal et al., 2015a) . The average soil water retention curve obtained from 100-cm 3 cores by the pressure plate method can be approximated, e.g., by the van Genuchten (1980) equation, with the saturated water content q s = 47.5% (v/v), the residual water content q r = 0.1% (v/v), the capillary rise parameter a = 0.06548 cm −1 , and the shape factor n = 1.11534 . Overland flow or accumulation of water were not observed on the flat terrain. The soil had been plowed for several centuries, but grass (commercial park lawn mixture) was sown in spring 2009 and has been maintained there since then as a short lawn, without any irrigation or fertilization. The lawn often suffers from water stress and has already slightly degraded because of drought and N deficiency, as witnessed by the local appearance of legumes and mosses. The lawn is cut about four times a year. The average height of the canopy in the lysimeter and around it is about 6 cm. The size of the grass field around the lysimeter is about 20 by 20 m. It is surrounded by a mosaic of agricultural research parcels and facilities, containing croplands, orchards, trees, hedges, roads, and occasional buildings. Only a small part of the surrounding area is irrigated. Because of the high thermal conductivity of the metallic case of the lysimeter cylinder, the soil temperatures inside the lysimeter are somewhat higher than those in the natural soil. However, the soil water contents and matrix potential values are statistically in good accordance with those in the surrounding soil (Báťková et al., 2013) .
Field Measurements
The SFL-300 smart field lysimeter (UMS GmbH, now METER Group AG) was installed on 25 Apr. 2013. The core part of the lysimeter is a stainless steel cylinder 30 cm high with an internal diameter of 30 cm. A soil monolith of the same size was cut with this cylinder from the soil on the same site. The cylinder with the soil is located in a sunken barrel on an electronic balance. The suction at the bottom of the monolith is automatically maintained to correspond to the suction of water in the native soil nearby (at about 1-m distance) at the same depth (30 cm), measured by a T8 tensiometer (UMS GmbH). Any water that percolates through the bottom of the monolith is automatically pumped into an automatically weighed storage vessel. If the soil in the lysimeter becomes drier than the native soil around it, it may suck some water back from the space beneath the porous bottom of the lysimeter and from the tube that connects the lysimeter with the vacuum pump. The primary data from the two electronic balances are recorded at 1-min intervals. The soil monolith in the lysimeter is equipped with three 5TE soil water content, temperature, and electrical conductivity sensors (Decagon Devices) at 5, 15, and 25 cm below the soil surface and with three MPS2 matric potential sensors at the same depths. These sensors were not individually calibrated. Only the sensors placed at 5 cm were used in this study. The sensor readings are recorded at 10-min intervals. Mild winters and thermal insulation mattresses on the water collection box allow year-round measurements. The shallow underground collar of the lysimeter makes it difficult for grass to grow within an annular strip about 15 cm wide around the lysimeter. The strip was mostly bare and probably contributed to the increase in evapotranspiration from the lysimeter. This effect has not yet been quantitatively studied, as far as we know.
Weather data were measured on the same site at 2-m height above the soil surface and a horizontal distance of about 6 m from the VZJ | Advancing Critical Zone Science p. 4 of 13 lysimeter and were recorded at 10-min intervals. Precipitation was recorded using an MR3H 0.1-mm-resolution heated tippingbucket rain gauge (Meteoservis). The air temperature and humidity were measured by an HMP 45A/D combined probe (Vaisala), the solar radiation by an LP02 pyranometer (Hukseflux), and the wind speed by a Windsonic ultrasonic sensor (Gill Instruments).
Lysimeter Data Selection
The raw data were the instantaneous values of the lysimeter mass (LYW) and its storage vessel mass (SWW). They were recorded and available at 1-min time intervals. These data contain considerable noise and need to be smoothed. For the purpose of evaluating the relationship ET a /ET 0 , just the daily differences in evapotranspiration were considered; thus, instead of smoothing the primary data, only their midnight points (daily differences) were utilized.
For this study, the daily evapotranspiration sum for each day was estimated from the difference between the (LYW + SWW) value at midnight at the end of the day and that at the beginning of the day without any smoothing. Evapotranspiration came out as positive, precipitation or condensation as negative. We used only the regularly-looking data collected during rainless periods. Because the rain gauge data are usually not exactly comparable with the lysimeter data, it was decided to focus solely on the data for the days without precipitation.
Out of the total of 1286 d from 25 Apr. 2013 to 31 Oct. 2016, four categories of days were excluded: (i) the days with rainfall on which non-zero precipitation was measured with the heated rain gauge, be it rain or snow or any other form (502 d, of which 34 were visually regular); (ii) the days for which the graph of 1-min (LYW + SWW) values vs. time was not smooth and/or contained irregularities, either explainable (e.g., as effects of precipitation or instrumental errors or maintenance) or unexplainable (altogether 637 d, of which 169 were rainless); (iii) the days for which the daily reference crop evapotranspiration ET 0 , estimated by the standard FAO 56 procedure (see below), came out negative or zero (8 d, of which three were both visually regular and rainless); and (iv) the days on which the ratio ET a /ET 0 appeared to be anomalous, either too high or too low as soon as the actual daily evapotranspiration differences ET a had been derived from these data; this ratio was tentatively taken for too low if it was <0.1 and too high if it was higher than X, where X is equal to 1.4 in summer (April-September) and to 2.0 in winter (October-March) (26 d with positive ET 0 that were at the same time visually regular and rainless).
The remaining daily (LYW + SWW) data, altogether 1286 − 34 − 637 − 3 − 26 − 1 = 585 d, were regarded (and are further referred to) as regular and were used for further processing. Of these days, the following shares (numbers of days) fall on particular months of the year: January = 17, February = 38, March = 47, April = 56, May = 52, June = 39, July = 63, August = 67, September = 63, October = 67, November = 41, and December = 35. The regular data were divided into two groups according to the growing season (April-September, 340 d) and the dormant season (October-March, 245 d), briefly referred to as summer and winter, respectively.
Evapotranspiration Calculations
The actual evapotranspiration ET a (mm) was estimated as ( 
where ET 0 is the daily reference crop evapotranspiration (mm d −1 ), D is the slope of the saturated vapor pressure vs. temperature curve (kPa °C −1 ), R n is the daily sum of net radiation (MJ m −2 d −1 ), G is the daily sum of the soil heat flux (m −2 d −1 ), g is the psychrometric constant (kPa °C −1 ), T is the mean daily air temperature (°C), u 2 is the mean daily wind speed (m s −1 ), e s is the mean daily saturated vapor pressure (kPa), and e a is the mean daily actual vapor pressure (kPa).
The parameters were obtained as follows. The directly measured solar radiation was used. The net radiation R n was then calculated from it and from other data as detailed below. The soil heat flux was neglected, being too small compared with R n . The air temperature, humidity, and wind speed were directly measured at 2 m above the ground and averaged. The mean daily temperature was taken as the average of the daily maximum and daily minimum. The slope D was calculated from this mean daily temperature. The mean daily wind speed was obtained by arithmetic averaging of all 10-min values.
Because the ET 0 value was supposed to evaluate the correctness of the measured ET a , it was needed to validate the correctness of the calculated ET 0 as well. 
where a is an empirical coefficient. In this study, the original Priestley-Taylor coefficient a = 1.26 was used and, as in the FAO 56 Eq.
[1], the soil heat flux G was neglected.
The ET a /ET 0 Ratio
The ET a /ET 0 ratio is a ratio of the actual crop evapotranspiration to the reference crop evapotranspiration (Allen et al., 1998) . The single-coefficient approach was used in this study; that is, we did not distinguish between transpiration and soil evaporation. However, we did distinguish between the potential crop evapotranspiration, unrestricted by water stress, and the actual one, water-stress restricted. In the first step, the ratio ET a /ET 0 was calculated for each regular day. Its relations to the soil water content and matric potential were explored, using the summer data only, which show a higher correlation than the winter data. An attempt was made to fit the data with broken straight lines: 
where A q and A s are the mean ET a /ET 0 ratios for the unstressed parts of the data, q is the volumetric soil water content (% v/v), measured by a 5TE sensor at the 5-cm depth, s (kPa) is the soil water suction (the matric potential without the negative sign), measured by the MPS2 sensor at the same depth, q t and s t are the threshold values of q and s, respectively, and B q (fraction of unity per 1% v/v) and B s (kPa −1 ) are the corresponding regression slopes, obtained by a least-squares optimization. The suctions (positive values) were used instead of the matric potentials (negative values) to facilitate plotting on a logarithmic scale.
In the second step, all regular data points (both summer and winter) were sorted with respect to the soil water content at 5 cm. The ET a /ET 0 ratio was plotted with respect to the day of the year for the regular days when q > q t. The lower envelope of these points, except for outliers, was approximated by a sine curve representing a first estimate of the standard crop coefficient curve for the grass canopy investigated:
where K c is the standard (unstressed) crop coefficient, DOY is the day of the year (starting from 1 January) and P, C, and D are the coefficients to be optimized. Using the lower envelope intends to leave aside (i.e., above the sine curve) the points affected by evaporation from the wet soil surface, from the water intercepted by the grass, and from snow, dew, rime, and similar phenomena.
Surface Resistance
The low reference crop (grass) of the FAO 56 and ASCE concept (Allen et al., 1998; Jensen and Allen, 2016 ) is defined as being 0.12 m high and having a surface resistance of 70 s m −1 . The unirrigated and unfertilized grass investigated in this study was expected to have a higher surface resistance even when it was sufficiently supplied with soil water. The surface resistance was supposed to have become even higher on the days when water stress occurred. These concepts were semi-quantified in this study, using the daily ET a /ET 0 values for the summer period only and expressing both the numerator and the denominator of this ratio in terms of the 
To keep the analysis simple, only the surface resistance was varied and not the height of the canopy, the net radiation, or any other parameter. This simplification may of course have added some error to the analysis, which is to be quantified at a later stage. However, it allowed us to content ourselves with modifying a single constant in Eq.
[2], namely, replacing the factor 0.34 in the denominator of Eq.
[2] with the ratio r s /208, where r s is the unknown surface resistance and 208/u 2 is the aerodynamic resistance of a crop 0.12 m high (Eq. [7] ). The surface resistance was than calculated for each regular point of the summer period according to
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The data were approximated by broken straight lines in the same way as the ET a /ET 0 ratios above in Eq. 
where r 0q and r 0s are the mean surface resistances for the unstressed parts of the data, and B rq (s m −1 per 1% v/v) and B s (s m −1 kPa −1 ) are the corresponding regression slopes, obtained by least-squares optimization.
Advection
In this context, the term advection means horizontal inflow or outflow of heat and vapor to or from the site when the vertical sensible and latent heat flux is being discussed, measured, or calculated. The field site described above is not homogeneous enough to make the advection impacts effectively unimportant. Large-scale advection may have occurred in winter, when the solar radiation was low, while a warm or cold wind may have produced a substantial inflow or outflow of energy from or to distant places. A simple test indicating a strong advection capable of inverting the direction of the vertical sensible heat flux, was proposed by Priestley and Taylor (1972) . It consists in comparing the magnitude of the net radiation R n and that of the latent heat flux lET a. . If the latter is larger, it means that a part of the energy required for evapotranspiration must have been obtained by advection. Therefore the two quantities for the summer and the winter period were distinguished on scatter graphs. Figure 1 shows the daily differences in ET a and ET 0 during the entire period of investigation. The two series vary with time in a qualitatively similar manner, being high in the growing season and low (with a few exceptions) in the season regarded as dormant (October-March). It can be observed that the summer of 2015 was the driest. No negative daily differences occurred among the regular data. Within individual diurnal cycles, there were sometimes shorter periods of soil water condensation or dewfall (the details are not shown). The ET a was smaller than ET 0 on most days, which is illustrated by Fig. 2 , where these two series are plotted against each other and compared with a 1:1 line. The root mean square error (RMSE) of their relationship (all plotted data) is 1.11 mm d −1 . This is mostly valid even for unstressed conditions. For better illustration, the days with unstressed conditions (soil water content >21% v/v; 69% of the regular days) were extracted and marked on the same Fig. 2 , with RMSE being 0.5 mm d −1 . The cases with ET a > ET 0 were more frequent in winter (70 d) than in summer (30 d). Some of the reasons for this might be more frequent dew or rime on the grass or wet soil surfaces in winter.
Results and Discussion
Evapotranspiration
We may conclude that the FAO 56 procedure of computing ET 0 (Eq. [2]) is adequate for our site and does not lead to a large bias. It seems to be a reasonable estimator of the unstressed evapotranspiration from the weather data measured in a moderately stressed environment like ours. This conclusion is confirmed by the values of ET 0 obtained with the Makkink Eq. 
The ET a /ET 0 Ratio and the Crop Coefficient Curve
We further investigated the regression of ET a /ET 0 with soil water content q (% v/v) and soil water suction s (kPa) at the 5-cm depth. The soil water retention curve measured by sensors in the lysimeter monolith was plotted in Fig. 4 . These data are the average daily suctions s and the corresponding average daily soil water contents q for all regular days. Assuming that the field capacity corresponds to suctions between 10 and 33 kPa (Vanderlinden and Giráldez, 2011) , we can derive its value from Fig. 4 as 22 to 25% (v/v), which is about 8 to 10% less than the value measured by the pressure plate method in the laboratory. The following discussion refers to the sensor-measured values only, to avoid ambiguity.
Figures 5 and 6 demonstrate how the ET a /ET 0 ratio depends on the soil water content and suction, respectively, for the summer periods. The graphs distinctly break down into two parts, one unstressed, where ET a /ET 0 is virtually independent of the control variable, and the other one water-stressed, where the ET a /ET 0 declines in a manner very loosely depending on the control variable, tending (albeit not very strongly) to decrease when the soil becomes drier. The positions of the thresholds in terms of the soil water content or suction were estimated a priori by visual inspection of the graphs (with regard also to Fig. 4 ), trying to make the unstressed means A q and A s in Eq. [5] close to each other. The positions of the approximately horizontal lines in the unstressed portions of the graphs are arithmetic averages of the unstressed ET a /ET 0 values. Given these estimates, the slopes of the inclined portions of the graphs were estimated by least squares optimization.
The obtained parameters are summarized in Table 1 . As a consequence, the evapotranspiration level of a typical unstressed grass canopy is about 85% of the reference crop. Figure 7 depicts the ET a /ET 0 ratios in relation to the DOY for all regular data fulfilling the condition q > q t . The sine curve according to Eq. [6] was drawn, based on visual judgement, so that it approximates the lower envelope of the points plotted, except for a few outlying points. Its parameters, estimated by trial and error, are P = −0.27, C = 1.38, and D = 0.58. This curve can be regarded as a first estimate of the standard (unstressed) crop coefficient for the low, unirrigated and unfertilized grass, which is probably a common canopy on many standard weather stations. Figure 7 demonstrates frequent high ET a /ET 0 ratios in winter, when wet surfaces (wet soil, dew or raindrops or soft rime on plant surfaces) are much more common and persistent than in summer. The peak of the sine curve occurs on 13 July and the parameters above were chosen so that the peak height (0.85) approximately corresponds to the mean unstressed ET a /ET 0 values A q and A s in Table 1 . The minimum of the sine curves occurs on 11 January and is 0.31, which roughly corresponds to the initial-season single crop coefficients for many crops (Allen et al., 1998) .
Surface Resistance
Figures 8 and 9 show the approximate dependence of the surface resistance, calculated for every regular summer day according to Eq. [8] , on the soil water content q and the soil water suction s, respectively. Similar to Fig. 5 and 6 , the graphs break down into two parts, one unstressed and the other one water stressed. The cluster of unstressed points is more compact than in the case of ET a /ET 0 , but the stressed part of the graph does not resemble a ET a /ET 0 vs. q (Fig. 5) ET a /ET 0 vs. s (Fig. 6 
Advection Criterion
Figures 10 and 11 compare the latent heat flux lET a with the net radiation according to a criterion by Priestley and Taylor (1972) . When a point lies above the 1:1 line, it is probable that a significant horizontal advection of heat occurred on that day and caused the average daily sensible heat flux to change its direction from upward Fig. 7 . Ratio of actual evapotranspiration to reference crop evapotranspiration (ET a /ET 0 ) in relation to the day of the year for all regular data fulfilling the condition soil water content q > threshold soil water content q t . The sine curve according to Eq. [9] approximates the lower envelope of the points plotted. Fig. 10 . Comparison of the latent heat flux lET a with the net radiation R n and the 1:1 line: an advection test by Priestley and Taylor (1972) for summer periods.
to downward and raised the latent heat flux above the level of the energy supplied by radiation. Only four such days occurred during the summer periods, while many more can be observed in winter. This finding is encouraging because it suggests that the effect of advection during the growing season is of minor importance.
Conclusions
The performance of the SFL and its practical use in evaluation of actual evapotranspiration was presented in this study. Daily differences from 585 regular days extracted from about 3.5 yr of observations were analyzed and the measured ET a was verified by the calculated ET 0 according to the FAO 56 method, with a cross-check by the Makkink and Priestley-Taylor equations. The study provides parameters of evapotranspiration for a canopy that can be found on many standard weather stations, which is often not an ideal reference crop in terms of FAO 56. Important qualitative differences were found between the processes observed during the growing seasons (April-September) and the dormant seasons (October-March). During the growing seasons, the FAO 56 Eq.
[1] gives reasonably good estimations of the reference crop evapotranspiration, i.e., the evapotranspiration of a standard, well-watered grass canopy subject to the same solar radiation, temperature, wind, and humidity as the actual site. The Makkink Eq.
[3] in de Bruin's modification, as well as the with the original coefficient 1.26, give almost the same average results, but a non-negligible difference among the three equations can be observed on particular days. The actual evapotranspiration of low, unirrigated and unfertilized grass on our site was, during the growing season, almost always smaller than that of the FAO 56 low reference crop. The grass on our site, when it does not suffer from water stress, produces about 85% of the FAO 56 reference grass evapotranspiration, and its surface resistance is on average about 250 s m −1 rather that the reference value of 70 s m −1 . A first estimate of the annual crop coefficient curve for this grass was made in the form of a sine curve, peaking in July at about 0.85 and acquiring its minimum in January at about 0.31. This estimate may be improved in future. It nevertheless provides us with a basic idea about the evapotranspiration behavior of a canopy that can be found on many standard weather stations.
Much less successful were all three equations during the dormant season, when the soil surface is frequently wet and the grass is frequently covered with dew, raindrops, soft rime, or snow. It is important to stress that the study site belongs to the warmest and driest regions in Bohemia, so that the probability of occurrence and persistence of snowpack is rather low-on average about one quarter of the dormant season duration. The evaporation from snow was, however, not studied as such. The advection test by Priestley and Taylor (1972) showed that the advection disturbance of the near-surface vertical transport of heat and vapor can be quite frequent. Nevertheless, the results show that it is worth trying to analyze the growth and evapotranspiration of grass stands in the dormant season (the FAO 56 procedure was not developed for the dormant season), at least at temperatures typical of the warmer part of this season in the temperate climatic zone (between about 5 and 15°C). 
